In the present study two cDNA fragments were cloned by nested-PCR using degenerate primers for COMT and found to be 93% identical at the nucleotide level. The deduced amino acid sequence of the two cDNAs showed a high degree of identity with COMT from other plants and were most similar to COMTs from monocots. RNA gel blot hybridization demonstrated that the wheat COMT gene W-cm5-1 was expressed in stem, root and leaf tissues. W-cm5-1 mRNA levels in the developing wheat stem were associated with the stem lodging character in two wheat cultivars. These results suggest that the action of the wheat COMT gene may be related to stem rigidity and lodging character in wheat.
Lignin is a phenolic cell wall polymer closely linked to cellulose and hemicelluloses, and is, second to cellulose, the most abundant biopolymer on earth. In plants, lignin mainly deposits in the walls of certain specialized cells such as tracheary elements, sclerenchyma and phloem ®bres. This leads to a dramatic change in the cell wall properties, which imparts rigidity and structural support to the wall and assists in the transport of water and nutrients within the xylem tissue by decreasing the permeability of the cell wall. It has long been proposed that lignin synthesis might be related to stem strength. This issue is especially important in crop plants, where weak stem strength will lead to a lodging phenotype. To date, however, there is little information at the molecular level as to how the regulation of lignin synthesis affects crop lodging.
Reduced lignin levels have been observed in maize brown-midrib (bm) mutants and this has been associated with reduced stem strength. Recent work has con®rmed that the bm3 mutant harboured a mutation in the gene for caffeic acid 3-O-methyltransferase (EC 2.1.1.68, COMT) (Vignols et al., 1995) . COMT catalyses the multistep methylation reactions of hydroxylated monomeric lignin precursors and is believed to occupy a pivotal position in the lignin biosynthetic pathway. In order to investigate whether COMT gene expression is associated with the stem lodging character of wheat, the COMT gene from wheat has been cloned and its expression in lodging-sensitive and -resistant wheat cultivars has been analysed.
Wheat plants (Triticum aestivum L. cvs H4564 and C6001) were grown in a naturally lit greenhouse with normal irrigation and fertilization. Total RNA was isolated from wheat tissues with the TRI reagent (Molecular Research Center, Inc, Cincinnati, USA) according to the manufacturer's instructions. Poly(A) + RNA was isolated using the PolyAT tract R mRNA Isolation Kit (Promega). cDNA synthesis was based on the rapid ampli®cation of the cDNA ends method (Frohman et al., 1988) using the oligonucleotide primer 5¢-GACTCGAGTCGACATCGA(T) 17 -3¢. To amplify COMT speci®c sequences, nested-PCR was performed using the following primers: 5¢-primer as C21:
5¢-TA(T/C)GG(T/C/A/G)ATGAC(T/C/ A/G)GC(T/C/A/G)TT(T/C)G-3¢ and C25: 5¢-(T/C)T(G/C)ATGAA-(T/C)CA(A/G)GA(T/C)AA(A/G)GT-3¢, and 3¢-primers as C2: 5¢-GACTCGAGTCGACATCG-3¢ and C26: 5¢-TC(T/C)TT(T/C/A/ G)CC(T/C/A/G)CC(T/C/A/G)GG(A/G)TT(A/G)TG-3¢
. All primers except C2 were synthesized according to highly conserved amino acid sequences identi®ed in COMT genes from other plants. The puri®ed PCR fragments were cloned into the pGEM-T Easy vector (Promega) and DNA from several independent clones was sequenced. Sequence similarities were analysed using the SIMAlignment Tool (Thompson et al., 1994) and data from the GenBank database.
In PCR experiments with primers C25 plus C2, and nested-PCR with primers C25 and C26, a 600 bp fragment was detected. A single fragment of about 500 bp in size was detected by nested-PCR with primers C21 plus C26 The sequencing results showed that they represented two cDNAs of different length, named W-cm5-1 and Wcm6-1. W-cm5-1 is 604 bp long, while W-cm6-1 is 517 bp long, both with a single open reading frame. W-cm5-1 and W-cm6-1 are 93% identical at the nucleotide level and 95% identical at the amino acid level, which suggested that they belong to the same kind of gene. Because of the high degree of identity between W-cm5-1 and Wcm6-1, W-cm5-1 was chosen for further analyses. The plant origin of W-cm5-1 was con®rmed by Southern blot hybridization (data not shown).
W-cm5-1 (Accession No. AF502287) showed a high degree of similarity to published COMT sequences both at the DNA and amino acid levels. The amino acid identity of W-cm5-1 with COMT from other plants ranges from 64% to 83% in the compared region (Table 1 ). In addition, the amino acid sequence of W-cm5-1 has more similarity to COMT sequences from monocots than sequences from dicots. W-cm5-1 also shares the ®ve most conserved motifs found in COMT sequences (LVDVGGGIGATVGAIT, YPTVKGINFDL, THVGGDMFQKIPSGDTIL, ALPT(A)HGKVM(V)LVE, and NPGGKE), which are thought to make up the catalytic site of the COMT enzyme (Bugos et al., 1991) . Taken together, these data suggest that W-cm5-1 encodes for wheat COMT.
RNA gel blot analysis was performed to examine the gene expression pattern of W-cm5-1 in various wheat tissues. As shown in Fig. 1 , W-cm5-1 mRNA was detected in leaves, stems and roots, at similar levels. This expression pattern is different from that of other monocot COMT genes. For example, COMT from maize is highly expressed only in roots (Vignols et al., 1995) , while COMT from ryegrass is abundantly expressed in stems (McAlister et al., 1998) .
To determine whether W-cm5-1 was associated with the stem lodging phenotype in wheat, the expression of W-cm5-1 in lodgingsensitive (C6001) and lodging-resistant (H4564) cultivars was examined. These two cultivars were chosen because they share a similar genetic background. Stem tissues were collected at different developmental stages and W-cm5-1 mRNA levels were determined by Northern hybridization with Phosphor Image and 18S rRNA normalization (Table 2) . While W-cm5-1 mRNA levels remained fairly constant at each developmental stage in H4564, W-cm5-1 mRNA levels declined markedly at the heading and milky stages in C6001, relative to the level present at the elongation stage.
It is known that wheat requires intensive lignin synthesis to impart stem strength and rigidity at the heading and milky stages (data not shown) and the decrease in COMT gene expression in C6001 during these stages may affect stem development and contribute to the lodging phenotype of this cultivar. Cloning of Wcm5-1 allows this hypothesis to be tested further by down-regulating expression of W-cm5-1 in wheat using the antisense or gene silencing approach. 
